A great deal of interest in multi metallic complexes derives from the special chemical and physical properties resulting from the mutual interaction of two or more metal centers.1 Of particu.lar interest are onedimensional chains of metal complexes.2 Materials of this type have exhibited unusual magnetic, optical, and conduction properties.3 Despite the great interest in this area, the development of widely applicable, rational methods for synthesis of desired metal chain complexes remains elusive.
may probably best be described as a square-planar chromium ( II) ion-paired to fluorine (the cationic moiety having D 4 and the anions C 4 v symmetry, respectively) or alternatively as an octahedron elongated due to Jahn-Teller distorsion of the d 4 system. This interaction is likely to be responsible for the small lengthening of the bond between the bridging fluorine atom and phosphorus (about 0.05 A with respect to the other P-F bonds) [this could suggest that 1 is a precursor to 2 in a Cr (II) Introduction A great deal of interest in multi metallic complexes derives from the special chemical and physical properties resulting from the mutual interaction of two or more metal centers. 1 Of particu.lar interest are one-dimensional chains of metal complexes. 2 Materials of this type have exhibited unusual magnetic, optical, and conduction properties. 3 Despite the great interest in this area, the development of widely applicable, rational methods for synthesis of desired metal chain complexes remains elusive.
As part of a program to prepare metal-containing polymers, we have synthesized multichelating ligand systems. We recently reported the synthesis of a new binucleating ligand, cis -5,15- , 8, 17, 7, 13, [H 2 (DPE) ](NH 2 h, 4 and showed that the porphyrin core of this ligand can be metalated to produce mononuclear building blocks. 5 We now report that these complexes can be readily used to prepare linear trinuclear metal complexes.
Experimental Section
All solvents and metal salts used in the syntheses were of analytical grade. Synthesis and characterization of [H 2 (DPE)](NH 2 h and its Zn(Il), Cu(Il), and Ni(Il) complexes were accomplished by literature procedures. 5 Elemental analysis was performed by Galbraith Laboratories, Inc., Knoxville, TN. Visible spectra were recorded at room temperature on a HP 8452A diode array spectrophotometer using chloroform as solvent. Infrared spectra were recorded as Nujol mulls on an IBM IR-98 Fourier transform infrared spectrophotometer. 1 H NMR spectra were recorded on a Nicolet NIC 300 spectrometer using CD 2 CI 2 as solvent. Chemical shifts (in ppm) are reported relative to CD 2 CI 2 (5.32 ppm). EPR spectra were recorded in frozen CHC1 3 (100.0 mg, 0.12 mmol) dissolved in 10 mL of CHCI 3 jCH 3 0H (9:1). After the mixture was refluxed for 24 h, the solvent was removed under reduced pressure. Water (15 mL) was added to the residue, the suspension was filterc:d through a Celite pad, and the solid was washed with water. After the Celite pad was dried in vacuo, the product was washed from Celite with CHCI 3 • The solution was concentrated to ca. 5 mL, and 5 mL of hexane was added. After cooling to -10 °C for several days, the solution was filtered to yield 63 mg (53%) of brown-red microcrystals.
UV fvis ( CHC1 3 mg, 0.12 mmol) dissolved in 10 mL of CHCI 3 /CH 3 0H (9:1). The reaction mixture was refluxed for 24 h. After evaporation of the solvent to dryness, the solid was dissolved in 15 mL of CHCJ 3 , and then the solution was poured into 75 mL of water with stirring. The organic layer was separated from the mixture, and the aqueous suspension was extracted with CHCI 3 (3 X 20 mL). The combined organic layers were dried over anhydrous MgS0 4 , filtered, and concentrated to 5 mL. After addition of 5 mL of hexanes, the flask was cooled to -10 °C for 4 days. (DPE) )(NH 2 ) 2 (100 mg, 0.12 mmol) dissolved in 10 mL of CHCI 3 /CH 3 0H (9:1 ). After the reaction mixture was stirred at ambient temperature for I h, it was heated at reflux for 24 h. After evaporation of the solvents to dryness, the resulting solid was dissolved in 5 mL of CH 3 0H, and the mixture was treated with a solution of NaSCN (I 0.54 mg, 0.13 mmol) in 2 ml of CHpH. After 2 h of stirring at ambient temperature, the solvent was evaporated to dryness and 50 ml of water was added. The suspension was filtered through a well-packed Celite pad, and the solid was washed with water and dried. The product was washed from Celite with CHCI 3 until the washings were clear. The solution volume was concentrated to 5 mL. After addition of 5 mL of hexane, the mixture was cooled to -I 0 °C for several days. A dark red microcrystalline solid was isolated by filtration and dried in vacuo under reduced pressure (58 mg, 49% yield). Figure   I . Metalation of the porphyrin core of this ligand with Ni(JI), Cu (II) , and Zn(II) has been previously described. changes are also consistent with a single nickel porphyrin chelate bound to zinc in a binuclear complex, the composition of complex 1 was established by several independent techniques. The IR spectrum of 1 exhibits bands at II 07 and 623 cm-1 , indicating that the CI0 4 -counterions are uncoordinated. 7 The ionic nature (6) (2) is produced in 53% yield. This CHC1 3 -soluble complex shows an anisotropic EPR spectrum ( Figure 2 ) in a frozen solution which is characteristic of tetragonal Cu(Il) complexes.
Results

The binucleating ligand, [H 2 (DPE)J(NH 2 h, is shown in
The g values for complex 2 are g 11 = 2.21 and g .J. = 2.07, and the copper hyperfine coupling is 197.5 G. In addition, a nine-line nitrogen superhyperfine splitting is observed with a 14 N superhyperfine coupling of 16.4 G. The experimentally determined molecular weight for complex 2 was found to be 1742 (calcd: 1865).
It is possible to modify the coordination sphere of the central metal by simple substitution chemistry. For example, the axial chlorides in I[Ni(DPE)](NH 2 hhCuC1 2 can be replaced with thiocyanate ligands by treating the Ni 2 Cu complex with excess NaSCN in methanol. The resulting product exhibits a new IR stretching frequency at 2064 cm-1 arising from the coordinated S-bound thiocyanates. 9 The EPR spectrum of I[Ni(DPE)]-(NH2hbCu(SCNh in frozen CHCI 3 is similar to that of the dichloride analogue with g 11 = 2.27, g.l. = 2.06, acu = 156.7 G, and aN = 25.3 G.
Discussion
Although a number of multichelating porphyrins are now readily available, the majority of these ligands have sufficiently bulky appendages or superstructures which limit them to binding (8) only two metals. 10 The ligand employed here, [H 2 (DPE)](NH 2 h, consists of two ~-alanyl appendages, positioned on one face of the porphyrin plane, which serve as chelating sites for additional metals. This is a flexible system designed to promote the formation of trimetallic complexes. Thus, when a central metal is chela ted by a pair of these ligands, formation of linear trinuclear arrays is possible. Synthetically, it is convenient to insert a metal into the porphyrin core of [H 2 (DPE)J(NH 2 h in the first step. Subsequent introduction of an additional metal to link two porphyrin complexes affords the desired trinuclear complexes.
Preparation of [I[Ni(DPE) ](NH 2 hbZn](Cl0 4 h was achieved by following the above strategy. The solution 1 H NMR spectrum of this species clearly indicates that a new complex has formed. The presence of one resonance at 2.19 ppm (s) for the four pyrrole methyl substituents, one diastereotopic CH 2 multiplet at 3.62 ppm, and one triplet at 1.55 ppm for the four pyrrole ethyl groups indicates that the porphyrin ligand retains its c2 symmetry in this complex. This is consistent with the expected tetrahedral geometry involving the central d 10 zinc ion.
The trimetallic nature of all of the complexes described here has been confirmed by molecular weight measurements. Unfortunately, the trinuclear complexes reported here have not yet been amenable to mass spectral or X-ray diffraction analysis. However, a particularly useful alternative was the use of Cu (II) as the central, linking metal in this system and as an EPR probe for structure and composition. Thus ![Zn(DPE)](NH 2 hbCuC1 2 exhibits an EPR spectrum with acu = 197.5 G, g 11 = 2.21, and g l. = 2.07. This is consistent with an axially symmetric complex.
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In addition, the nine-line 14 N superhyperfine splitting requires that four nitrogens bind to Cu in equivalent positions. These EPR data unambiguously indicate that the structure of the Cu core must be tetragonal, with chlorides occupying the axial positions and the four terminal amines of the two [Ni(DPE)](NH 2 h chelates residing in the equatorial plane.
Conclusions
Preparation of trinuclear species generally leads to the formation of triangular complexes. 12 Few rational methods for preparing linear trinuclear complexes are known, and these are not readily extendable to more than one type of metal system. 13 With the use of specially designed ligands, we have devised a general method for the synthesis of linear arrays of transition-metal complexes. The versatility of our multichelating ligands demonstrates that controlled syntheses of complex multinuclear molecules are readily achievable. For example, by judicious choice of metals, a series of homo-and heteronuclear trimetallic complexes can be prepared. Furthermore, additional modification can be achieved by altering the axial ligands bound to the central metal of these complexes. The compounds prepared here can be viewed as truncated portions of one-dimensional chains. Thus, in principle, it should be possible to prepare increasingly sophisticated materials with deliberately tailored properties. Further investigation of the physical and chemical properties of these novel complexes as well as extension of this work to polymeric systems is underway.
Introduction
As part of a program aimed at understanding the synthesis and properties of organocobalt complexes relevant to 8 12 coenzymes, we have been investigating the synthesis of complexes based on quadridentate bis(salicylidene) Schiff base ligands. 1 • 2 Metal complexes of such quadridentate Schiff base ligands have been studied extensively, both as 8 12 modelsH and also because of the rich coordination chemistry generated by the well-known ability of the two coordinated phenolate oxygen atoms to bridge metal centers. 4 Further interest in these complexes has focused on their usefulness in studying magnetic exchange interactions between bridged paramagnetic metal ions 5 • 6 and on their application in catalytic processes. 7 During the course of the investigation, we planned to prepare complexes based on SALPN 2 -(the dianion of N,N'-bis(salicylidene)propylenediamine) and 2,2-Me 2 SALPN2-(the dianion of N,N'-bis(salicylidene)-2,2-dimethylpropylenediamine). The preparation of SALPN 2 -complexes from M(0 2 CCH 3 h has been reported to yield analytically impure products for Co (II) 8 and Fe(IJ)9. This type of preparation for Fe ( II) has been reported to give a polymeric product on the basis of Moss bauer data, 10 but the reported analytical results cannot be considered acceptable.
In initial studies, we successfully prepared Co (II) (2), were isolated as well-formed crystals. We undertook the structure determination of the complexes in order to establish the coordination geometry about the metal ions. Compounds 1 and 2 proved to have the same trimeric structure, with the metal ions in the +2 oxidation state. The only trimeric structures so far reported with
